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Micro lens array (MLA) was broadly used in optical system for beam
homogenization  beam shaping, photonic interconnection, flat panel display,
compound-eyes image recording and solar concentration, etc. Especially MLAs
that matches the core size of optic fiber are in active demand due to the rapid
expansion of optical communication and fiber to the house. However, low cost,
micro sized MLAs with well-controlled profile are still difficult to be fabricated. For
example, the size of micro lenses that duplicated using mold prepared by
diamond micro milling or excimer laser machining is usually more than a hundred
micron. Meanwhile, the surface profile of polymer micro lenses fabricated by
reflowing patterned photosensitive or micro ink-jet printing is normally out of
control.
In the dissertation, a so-called Molding by Electrostatic Force Deformed Template
(MEFDT) method was proposed to replicate shape-controllable MLAs utilizing an
electrostatic force deformed membrane as a template, and the conductive
membrane and its underneath electrodes were prepared by micro fabrication
technology.  Comparing with those reported MLA fabrication methods in the
literature, MLA with various of contour such as circular, square, rectangle,
hexagon, peanut shell shape, and so on can be fabricated using “MEFDT”
methods, and the curvature of the MLAs is reconfigurable by applying different
voltages on the mold. Therefore, freeform MLAs can be realized using this
method. In addition, the mold can be prepared in a large batch by micro
fabrication, which reduced the cost of the MLAs effectively.
The principle and process flow of the “MEFDT” method were introduce briefly in
chapter 2. An integrated simulation environment from the configuration of the
template to the final optical performance of the micro lens array was presented in













figured out by electromagnetic field simulation. Next, the electromagnetic field
distribution was input into a finite element analysis environment to obtain the
electrostatic force on the template, and then a deformed surface was derived. The
output scattering points on the deformed surface were treated mathematically to
generate a three dimensional body surrounded by the deformed surface and a flat
surface, This body was arrayed to form a micro-optics component, which was
input into an optical simulation environment to get its optical performance. Using
this simulation procedure, the process parameters and applied voltage can be
determined for preparing a MLA with required optical performance.
The fabrication of the MLAs was discussed in chapter 4. A SU-8 cavity, a
conductive membrane on the top surface of the cavity and electrode on the
bottom were prepared by micro fabrication technology to act as the template.
Polydimethyl-siloxane was poured on the template that deformed by applied
voltage, curing and peeled off to realize MLAs. In this dissertation, various of
MLAs with different contour such as circular, square, rectangle, hexagon and
peanut shell-shape were fabricated successfully.
The fabricated MLAs was characterized in chapter 5. The profile of the MLAs was
measured by a three dimensional laser measuring microscope (OLS1200-FAR2,
Olympus), and a deviation about 10% was found between the simulated and
measured profile. An atomic force microscope (AFM, SPA-400, SEIKO, Japan)
was used to measure the surface roughness of a prepared spherical PDMS MLA,
the root mean square roughness, RMS was measured to be about 2 nm in a
1.0×1.0 μm 2area. The focal length of the fabricated MLA was optically examined,
and the fabricated MLA showed adjustable focusing by applying different voltages
on their template in molding process. For example, the focal length of hexagonal
MLAs with the side length of 50 μm was found to decrease from 220 to 170 μm
while the template voltages increased from 150 to 300 volt. This phenomenon













using “MEFDT” method, which is promising for some applications like three
dimensional image recording.
In conclusion, A method called Molding by Electrostatic Force Deformed
Template (MEFDT) was used to realize shape-controllable micro sized polymeric
MLAs in this dissertation. Through adjusting the contour of the template, position
of the electrodes and the applied voltage, various of micro sized, freeform MLAs
with defined geometry were prepared. Comparing with other reported
approaches, MEFDT method is supposed to provide more flexibility on the
geometrical design of MLA, higher accuracy on shape control and lower cost on
fabrication.
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